Introduction: The aim of this study was to compare laparoscopic hepati-
Introduction
Bile duct stricture is the most common of the late complications after hepaticojejunostomy (HJ) for choledochal cyst (CC) (1) , and little is known about its etiology. However, preoperative hilar hepatic duct stenosis (HHDS) may be implicated in postoperative stricture formation. Laparoscopy has been widely accepted as a technique for the excision of CC, but using it for treating CC associated with HHDS, which includes stenosis of the common hepatic duct and right and/or left hepatic ducts near the hilum, is rare. Moreover, there has been only a limited number of papers that describe the laparoscopic treatment of CC in relation to the presence of HHDS in children (2, 3) .
In this study, we examined CC cases that we treated by laparoscopic HJ (LHJ) ( 
Materials and Methods
In 2009, we changed our routine treatment of CC from conventional open excision to laparoscopic excision. A prospective database of all patients with CC who have had LHJ was created to record demographic data, operative data, and postoperative outcomes. We used this database to compare LHJ cases with clinical data obtained retrospectively from CC patients who had conventional OHJ from10-mm telescope was inserted through an infraumbilical incision. Then, three additional ports were placed: one 5-or 12-mm right subcostal port for cholangiography and later use and two 5-mm ports in the right and left upper quadrants for 5-or 3-mm instruments. The fundus of the gallbladder was grasped with a Mini-LoopRetractor 2 (Covidien, Dublin, Ireland) inserted in the right lower quadrant without a trocar. Later in the series, we introduced an extra-small Alexis wound retractor (Applied Medical, Rancho Santa Margarita, USA) covered with a multiport access device (Free Access; Top Corporation, Tokyo, Japan) into the umbilicus to replace the right upper quadrant port. The distal bile duct was dissected carefully into the pancreas by applying enough traction on the cyst to display the narrow part of the common bile duct clearly. The distal bile duct was then ligated with 4-0 polydioxanone suture. If protein plugs were identified in the dilated common channel, they were washed out by saline irrigation before the distal duct was ligated.
We focused on hilar hepatic ductoplasty (HD-plasty) to prevent postoperative complications. Therefore, the common hepatic duct was further resected at the confluence of the hepatic ducts, and if indicated, we made either a transverse longitudinal incision along the hepatic duct confluence from the hepatic hilum to the bilateral hepatic bile ducts or a wedge resection of the stenotic segment of the duct to obtain sufficient bile drainage and large anastomotic stoma (Figure 1) . A 20-25-cm Roux-en-Y limb and jejunojejunostomy were initially created intracorporeally using Endo-GIA (Covidien) early in this series, but later they were created extracorporeally through the umbilicus wound retractor. A wide hepaticojejunostomy at the hilum was performed in a single layer by interrupted intracorporeal sutures of 5-0 polydioxanone.
If preoperative and intraoperative imaging studies, including MR cholangiopancreatography and cholangiography, showed any signs of narrowing in extrahepatic ducts with intrahepatic duct dilatation, we diagnosed HHDS. We also diagnosed HHDS if the lumen of the peripheral bile duct, including membranous and septal stenosis on intraoperative direct view, appeared narrow. We do not believe that HHDS should be defined merely as a fixed reduction in the size of a normal lumen (e.g. 50% or 75% stenosis). CC patients with narrow hepatic ducts without intrahepatic bile duct dilatation were not defined as having HHDS. We used preoperative MR cholangiopancreatography findings, direct intraoperative findings, and cholangiography findings to describe HHDS quantitatively. All CC patients with HHDS were verified by surgical findings, and their data were assessed separately.
Techniques for dissection of the common bile duct, ligation of the distal duct, and hepaticojejunostomy in LHJ and OHJ cases were identical.
Data were analyzed using standard statistical methods. Demographic data and surgical outcomes were compared using Student's t-test. (Figure 2 ). Mean blood loss was 5.9 mL during LHJ and 18.4 mL during OHJ (P < 0.05). HD-plasty was performed in 22 LHJ cases and in 21 OHJ cases. There were no intraoperative complications, and no cases required conversion from LHJ to OHJ. Mean time to reestablish enteral feeding was 3.9 days after LHJ and 6.4 days after OHJ (P < 0.05), and mean hospital stay was 11.7 days for LHJ and 15.5 days for OHJ (P < 0.05). Postoperative complications were seen in five LHJ cases; three had minor bile leakage, and two had anastomotic stricture (Todani type 1A and type 4A). Postoperative complications were seen in four OHJ cases; one had minor bile leakage, and three had intestinal obstruction. There were no statistically significant differences in postoperative complication rates between LHJ and OHJ patients.
Comparisons between preoperative and postoperative blood biochemistry did not reveal any significant differences between LHJ and OHJ. On average, among LHJ patients, aspartate aminotransferase decreased from 200 Table 2 . In HHDS cases, mean operative time was 429 min for LHJ and 360 min for OHJ (P < 0.05), and mean blood loss was 8.3 mL during LHJ and 27.0 mL during OHJ-s (P < 0.05). Mean time to reestablish enteral feeding was 4.8 days for LHJ-s patients and 6.0 days for OHJ-s patients (P = not significant). Mean hospital stay was 12 days for LHJ-s patients and 15 days for OHJ-s patients (P = not significant). Postoperative complications were seen in one LHJ-s patient (anastomotic stricture) and one OHJ-s patient (intestinal obstruction) (P = not significant) ( Table 2) . Comparisons between preoperative and postoperative blood biochemistry did not reveal any significant differences between LHJ-s and OHJ-s. Within18 months after surgery (mean follow-up period: 4.8 months in LHJ, 9.9 months in OHJ), all HHDS cases had normal liver function and ultrasonography findings. There were no statistically significant differences in postoperative complication rates between LHJ-s and OHJ-s patients.
Discussion
The definition of HHDS in CC is controversial. In the literature, it has been defined as at least a 50% reduction in the diameter of the common bile duct or a dimeter that is less than 3 mm (5). However, our experience indicates that there is a spectrum of extrahepatic duct stenoses, including relative, membranous, and septal stenosis. As such, any definition of HHDS should be more comprehensive, and we believe our criteria for diagnosing HHDS are more clinically relevant to a variety of situations. Although, one large retrospective study reported that 11% of children with CC (24/218) had bile duct stenosis at the hepatic hilum (6), we found a higher percentage of patients with CC with HHDS (32% [10/31] in OHJ; 37% [10/27] in LHJ). As a result, HD-plasty was performed in 81%of LHJ cases (22/27) and 68% of OHJ cases (21/31). We believe a wide anastomotic stoma is extremely important to reduce the risk of postoperative anastomotic complications, including stricture and leakage, when treating CC irrespective of HHDS. HHDS has been reported to be a contraindication for the laparoscopic treatment of CC (7). However, the laparoscopic treatment of CC is generally considered to be advantageous because the magnification of the laparoscope provides excellent views of the duct system and helps in identifying pathologic changes in the intrahepatic duct in adults and children (2) . Our findings indicated that HHDS does not affect the surgical outcome of HJ because our incidence of complications related to HJ, including anastomotic stenosis or bile leakage, did not significantly differ between LHJ and OHJ or between LHJ-s and OHJ-s. We were able to affirm the benefit of laparoscopic magnification and that the enhanced visualization of structures is possible, especially in children. Also, we found it easy to decide the optimum level of resection of the common hepatic duct in CC with HHDS. In fact, when there was dilatation of the intrahepatic bile duct in HHDS, our HD-plasty procedure could be adapted effectively to deal with a dilated hilar intrahepatic duct.
Immediate obstruction of HJ resulting from overzealous dissection and resection for complete excision of CC to the level of the hepatic hilum has been reported previously (8) . In those cases, the CC was resected to the level of the left and right hepatic ducts, thus requiring a long time to complete the HJ in hepatic ducts with a small diameter. To avoid this problem, Jang et al. recommended in their adult series that the anastomosis should be just below the hepatic hilum, even if this means leaving some residual CC (8) . However, we believe that no CC tissue should be left behind and that bile duct obstruction can occur postoperatively if any stenotic part remains. This is why we performed HD-plasty in all cases in which narrowing of the lumen was intraoperatively confirmed on direct viewing, even if there is no hilar intrahepatic duct dilatation. In another paper (3), Li et al. reported that it is technically feasible and safe to perform laparoscopic excision of HHDS during CC excision by splitting the hepatic duct longitudinally and suturing transversely, which effectively prevents anastomotic stenosis (6) . Although ductoplasty is possible by incising the anterior wall over a stenotic ring to relieve obstruction, we prefer our HD-plasty because we believe is an easier procedure to perform. However, type-1 patients usually show no dilatation of the hilar hepatic duct or bilateral hepatic ducts, but a very narrow common hepatic duct is occasionally seen. In such patients, laparoscopic anastomosis using conventional techniques is extremely difficult and may lead to anastomotic stricture or leakage. Our HDplasty cannot be used when there the common hepatic duct is so narrow. This is our current challenge in using LHJ to treat CC.
The rate of bilio-digestive anastomotic leakage is also a common complication of surgery for CC, with rates reported from 5.8% to 7.3% even for open surgery (9, 10) . In one study, bile leakage did not significantly differ between LHJ and OHJ (11) . Similarly, we found no differences in the rates of anastomotic leakage between LHJ and OHJ or between LHJ-s and OHJ-s. Any leakages that developed were managed conservatively with no case requiring reoperation.
Wang et al. reported that five cases are sufficient for learning LHJ for CC (12) , but we question their optimism, as previous experience and proficiency in minimally invasive surgery are obvious determining factors. With experience, our operative times for LHJ and LHJ-s have decreased and, in fact, continue to decrease as we improve the efficiency and safety of our procedures-for example, by performing the jejunojejunostomy extracorporeally.
Our LHJ was as effective as OHJ for the treatment of CC irrespective of the presence of HHDS and the need for HD-plasty, suggesting that our LHJ is a safe and effective procedure.
